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DYNAMIC SIMULATION MODEL OF A VAPOR COMPRESSION 
DOMESTIC REFRIGERATOR 
RUNNING WITH R134a 
Xiaoqiang XU and Denis CLODIC 
Centre d'Energetique, Ecole des Mines de Paris, 
60, bd. Saint-Michel, 75272, Paris Cedex 06 
SUMMARY 
This paper presents a distributive dynamic model of a vapour compression domestic refrigerator in view of decreasing energy consumption. The system includes a compressor, a condenser, an evaporator, a diahatic capillary tube, a capillary tube-suction line heat exchanger and one insulation cabinet. The model of exchangers is based on the conservation equations 
of mass, of momentum and of energy, and includes temporal and spacial discretisation. The hermetic compressor model takes into account lubricant effect and heat exchange inside the compressor. The model of the diabatic capillary tube is distributive. The critical flow and the internal thermal exchange are taken into account. The model of the insulating cabinet (cold chamber) includes coupling of the natural convection and radiation. Once the model of each component is established, a new resolution method of the coupled mathematical model of the system, based on the mass balance, on the characteristics 
of the compressor and of the capillary tube, is developed. 
NOMENCLATURE 
cf friction coefficient Indices : 
a arr 
b tube 
c compressor capacity 
e extern 
f fluid 
d diameter [m] 
fx friction force [N/kg] 
h enthalpy [J/kg] 





M mass flow [kg/s] 
p pressure [Pa] 





Q capacity [W] 
s section or surface [m2] 
T temperature [K] sl saturated liquid 
u speed along x [m/s] sv saturated vapor 
v volume [m3] vl free volume of the compressor hood 
y solubility 
Exposants 
Lettres grecques : cap capillary tube 
cmp compressor 
end condenser 
a convective exchange coefficient [W/(m2 .K)] 
ehg suction line heat exchanger 
evp evaporator 
a void fraction 
1]1 fins efficiency 
p density [kg/m3] 
X quality 
1. INTRODUCTION 
The objective of this work is to develop CFC-free high energy efficiency domestic refrigerators and freezers. Since the 
refrigerating system has a controled running, it is therefore necessary to predict the transient behaviors of the system and so 
to optimize the system design by minimizing the energy consumption in the chosen running range. Various dynamic models are developped by a number of scientists throughout the world. Most models are built up according to the lumped approach method. Over the last few years, the distributive dynamic model simulation was developped by some scientists. However, the numerical resolution method of the model is little detailed. In this presentation, a physically complete dynamic distributive model of a vapour compression domestic refrigerator based on the equations of mass conservation, of 
momentum and of energy is developped. A numerical resolution method is proposed. Physical applications and experimental validation have been completed but are not the subject of this paper. 
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2. DESCRIPTION OF THE MATHEMATICAL MODEL 
The domestic refrigerating system which is studied in this paper is illustrated in figure 1. It consists of a compressor, a 
condenser, a capillary tube, an evaporator, a capillary tube-suction line heat exchanger and an insulated cabinet. 
2.1 Mathematical model of the heat-exchangers 
In this work, the same type mathematical model is developped for the three exchangers of the system : condenser, 
evaporator and the capillary tube-suction line heat exchanger. The refrigerant flow in the exchangers is complex because of 
the refrigerant phase change. The following assumptions are used : i) the flow in the exchangers is supposed to be 
unidimensionnal; ii) viscous dissipation is neglected; iii) axial conduction is neglected; iv) the gravitanional term is 





Where P!x is the friction force per unit volume : 




J(ph) a(puh) • dp dp 
--+ =q+-+u-
dt dX dt dX 
(3) 
with 
For the tube and fins, the energy conservation equation is: 
(4) 
in w bich, M b et M z are the mass of the tube and fins per unitary length. TIL is the fins efficiency. 
The external heat exchange coefficient between the exchanger and the air ae is determined through empirical correlations by 
taking in account the combination of natural convection and radiation. The convective exchange coefficient inside the tube 
ai is calculated with correlations of the forced convection according to the various thermal configurations. 
For the two-phase flow, ZIVI's void fraction model is chosen: 
1 and consequently a 
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Thermodynamical relations between the parameters are : 
p=p(p,h) and (5) et (6) 
The choice of the main variables are u, p, p, h, Tp Tp. There are 6 equations ( 1- 6) and 6 unknowns. The system is 
consequently closed. 
Boundary conditions of the heat exchanger model are the mass flow and the enthalpy at the inlet, and the mass flow at the outlet. The control-volume formulation presented by Patankar (reference n°3) is applied in the equation discretization. The mass equation is transformed as a pressure-correction equation. The fully implicit scheme and the up wind scheme are used. The "SIMPLE C" algorithm is chosen for the numerical resolution of this nonlinear model. In this algorithm, the equations of the model are successively solved and the solution of the model is found by a process of iterations. This iterative resolution actually shows its advantages such as its closeness to physical phenomenons, its numerical efficiency and the easiness of its numerical realisation (reference n°5 ). 
2.2 Mathematicl model of the capillary tube 
The model of the diabatic capillary tube is similar to the model of the heat exchanger. However, because the time constant of the capillary tube is very short, the transient terms in the equations are neglected. The mathematical model of the capillary tube is consequently quasi-steady. The heat exchange in the capillary tubsuction line heat exchanger is taken into account. The influence of the metastable phenomenon on the mass flow of the capillary tube is neglected because it is small for the diabatic capillary tube and there is not yet any physical model that describes this phenomenon precisely. The Colebrook correlation is used to calculate the friction coefficient between the refrigerant and the inside wall of the capillary tube. The critical flow is determined by the sound velocity at the capillary tube outlet. The refrigerant discharge at critical condition at the capillary tube outlet is calculated by solving the mass, momentum and energy equations as well as thermodynamical relations. 
Boundary conditions of the capillary tube model are the pressure and enthalpy at the inlet and the pressure at the outlet. The mass flow of the capillary tube is calculated by an iterative process based on the "SIMPLE C" algorithm. 
2.3 Mathematical model of the hermetic compressor 
The hermetic compressor is illustrated in figure 2. The refrigerant is superheated first in the hermetic carter, than compressed in the cylinder and partly desuperheated in the discharge line. The conservation equations of mass and energy of the refrigerant in the hermetic carter are: 
. 
dPtz • • • 
--Vvl =Mjin-Mjour+Mjh ar (7) 
(8) 
Where M fh is the refrigerant mass flow released by the oil into the free volume. It has an important influence on the system running during the start-up, and depends on the variation of the refrigerant solubility in the lubricant: 
(9) 
M h is the oil mass in the compressor. y is the refrigerant solubility in the oil depending on temperature and refrigerant 
pressure. For R134a and POE oil, y is calculated with TAKAISHI correlation, in thermal equilibrium (reference n°4). 
The energy balance of all metallic components and oil: 
(10) 
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The mass flow at the compressor discharge is calculated by a correlation detemrined according to the compressor specific 
curves: 
(11) 
The ~~rmetic compressor model is completed by auxilary equations of heat transfer and thermodynamical relations. Boundary 
cond1t10ns of the compressor model are the pressure and enthalpy at the inlet, and the pressure at the outlet of the 
compressor. 1bis nonlinear model is solved by iterative method. 
2.4 Mathematical model of the insulated cabinet 
The insulated cabinet is represented by a monodimensinal model of each wall. However, experiments show that the the 
radiative heat transfer plays a predominating role in the global heat exchange between the air and the walls, and must be 
taken in account when modelizing the cabinet. Boundary conditions at the inside and outside surfaces of the walls are the 
heat fluxes due to natural convection and radiation. The view factors and the radiative heat fluxes between surfaces are 
calculated in this model. 
2.5 Numerical resolution of the coupling system model 
Taken together, all the component models constitute a coupling system model. The resolution method of this coupling 
system model is very complex. However, there are few detailed presentations on this point in existing publications. In order 
that the numerical resolution of the dynamic distributive model be as steady as possible, the fully implicit scheme must be 
used in the equation discretization of the models. This fully implicit discretization means that the resolution of one 
component model is numerically coupled with other components because its boundary conditions at the next. time step are 
determined by the models of the upstream and downstream components. In this presentation, a new iterative resolution 
method of this coupling system model is proposed : the calculation begins with an estimation of the pressure fields in the 
condenser and in the evaporator and the suction line heat-exchanger. With these estimated pressures, the resolution of the 
models of the compressor and the capillary tube gives the mass flow and enthalpy at the outlet. These mass flows and 
enthalpies are afterwards imposed at the inlet and outlet of the condenser and of the evaporator and the suction line heat-
exchanger. The resolution of the heat-exchanger models gives new pressures at the inlet and outlet of the compressor and 
capillary tube. With these new pressures, the models of the compressor and of the capillary tube recalculate the mass flows 
and enthalpies for the inlets and outlets of the heat-exchangers. The mass flows and the pressures correct one another. By 
this way, the numerical resolution shifts from one component model to another and the boundary conditions are mutually 
imposed between the component models. This shift is repeated until the convergence. The pressure and velocity fields in the 
system are thus found. The figure 3 synthetizes the shifts of the boundary conditions from one component model to another 
during the iterations. It is necessary to indicate that this iterative resolution owns a "self-convergence" propriety. For 
example, if the pressure field in the condenser is overestimated, according to the characteristics of the compressor and the 
capillary tube, the mass-flow of the compressor decreases and the mass-flow of the capillary tube increases. It means that 
there is less mass coming in and more mass getting out the condenser. The pressure field in the condenser will be lowered in 
the following calculation iteration according to the mass balance of the condenser. It is easy to verify this "self-convergence" 
in the other way round. Consequently, the new iterative resolution method of the coupling system model which is proposed 
here is reliable and time saving. Moreover, it is to be noticed that the component models are successively resoluted in this 
iterative method. The resolution of each model of component can be organised independantly in the computing progranlffie 
with the resolution of the other component models. The component models developped here can constitute a dynamic 
simulation component model library that can be used by others. 
In this work, the initial state is the system off state in thermal equilibrium with the ambiant air. A programme is 
developped in order to determine the initial conditions depending on the temperature of the ambiant air, the refrigerant 
charge, the system volume and also the refrigerant solubility in the oiL It enables to simulate the system dynamic with 
different refrigerant charges, and to find the optimized charge as it has a significant influence on the refrigerating system 
performances. 
3. CONCLUSIONS 
This paper presents an dynamic simulation model for a vapor compression refrigerating system running with Rl34a 
based on the mass, momentum and energy equations, in order to predict transient behaviors and accordingly optimizing the 
system design. The control-volume method and the "SIMPLE C" algorithm are applied in the numerical resolution. A new 
resolution method of the coupling system model is developed. 
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Figure 1 : Vapor compression domestic refrigerator 
493 
• cmp 
M lin (t) 
Figure 2 :Hermetic compressor 
ca~ /,2.J1) p<nd(1,2 ... 11) 
Pin -om 








M fout (t) 
end( 1,2 .. 11) P cmp(l,2 .. n) 
Pin - out 
Pout __f'm 
( hcap(J,2 . .J1) hevp(l,2.n) ) 




h~t exchange~ 11--------1 
P!~, /,Ln.!_ P;~mil,2.n) 
~evp( J,Ln) h cm{tl,2 ... n) ) OUt - In evp l2 •. n) ---M" <;"'PI/, 2. n) out m 
Figure 3: Numerical resolution of the coupling system model 
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